Study Design. Cross-sectional analyses on a consecutive, prospective cohort. Objective. To evaluate the ability of the Scoliosis Research Society (SRS)-Schwab Adult Spinal Deformity Classification to group patients by widely used health-related quality-of-life (HRQOL) scores and examine possible confounding variables. Summary of Background Data. The SRS-Schwab Adult Spinal Deformity Classification includes sagittal modifiers considered important for HRQOL and the clinical impact of the classification has been validated in patients from the International Spine Study Group database; however, equivocal results were reported for the Pelvic Tilt modifier and potential confounding variables were not evaluated. Methods. Between March 2013 and May 2014, all adult spinal deformity patients from our outpatient clinic with sufficient radiographs were prospectively enrolled. Analyses of HRQOL variance and post hoc analyses were performed for each SRSSchwab modifier. Age, history of spine surgery, and aetiology of spinal deformity were considered potential confounders and their influence on the association between SRS-Schwab modifiers and aggregated Oswestry Disability Index (ODI) scores was evaluated with multivariate proportional odds regressions. P values were adjusted for multiple testing.
T he term adult spinal deformity (ASD) covers a broad range of radiographic abnormalities and several different aetiologies. 1 The indication for surgical treatment is decided by pain and disability, as well as radiographic variables. One challenge, however, has been that individual treatment recommendations have not been well defined since study populations are not easily compared. A validated and reproducible classification system of ASD is important for communication between surgeons and researchers and ideally serves as a guideline for treatment recommendations and prognosis. 2 The Scoliosis Research Society-Schwab (SRS-Schwab) ASD classification is considered a reliable description of major coronal curve location and sagittal variables correlated with patientreported health-related quality of life (HRQOL). [3] [4] [5] The clinical impact of the SRS-Schwab classification has been evaluated as significant in studies on patients in the International Spine Study Group database. 6, 7 To our knowledge, however, the impact of the SRS-Schwab classification has not been validated in other populations and possible confounding effects from age, aetiology of spinal deformity, and history of spine surgery have not been examined.
OBJECTIVE
To evaluate the ability of the SRS-Schwab ASD classification to group patients by widely used HRQOL measures in a consecutive non-US ASD population and to examine possible confounding effects of age, aetiology of spinal deformity, and history of spine surgery.
MATERIALS AND METHODS
This study was approved by The Danish Health and Medicines Authority (reference 3-3013-622/1) and The Danish Data Protection Agency (reference 2014-41-2820).
In the 14-month period between March 15, 2013 and May 15, 2014, we prospectively invited all adult spinal deformity patients having sufficient full standing lateral and frontal radiographs at our outpatient clinic to participate in this cross-sectional study by answering the Danish paper versions of ODIv.2.1, 8, 9 SRS22r, 10 SF36 v.1.1, 11 and EQ-5D-3L 12 and indicate their level of back and leg pain on 100-mm Visual Analogue Scales (VAS).
Inclusion criteria were 18 years of age or older and standing radiographic evaluation of a spinal deformity. Exclusion criteria were history of spinal deformity surgery within 6 months and lateral radiographs without visible hip joints or vertebra C7, unless sagittal vertical axis (SVA) could clearly be graded 0 or þþ according to the SRSSchwab ASD Classification. 4 Only one set of radiographs and questionnaires per patient were included for analyses. Preoperative radiographs were preferred and alternatively the set with the longest postoperative follow-up was included. For patients without spine surgery the most recent set was included.
Aetiology of spinal deformity and date for most recent spine surgery were retrieved from patient records at our institution or the Danish e-Health Portal.
All radiographs were uploaded to the online imaging software KEOPS (S.M.A.I.O, Lyon, France) and measurements necessary to classify cases according to the SRSSchwab ASD classification were performed by one of two investigators (DWH and CRD).
Statistical Analysis
Associations between categorical variables were tested using Pearson's x 2 test for independence and trend. One-way analysis of variance (ANOVAs) or Kruskal-Wallis tests were used to test for variance in HRQOL scores across SRS-Schwab Curve Types and sagittal modifier grades. Post hoc t tests or Wilcoxon rank sum tests were used to test for significant difference in central tendency between individual modifier grades. Trends for worse HRQOL scores with increasing modifier grades were assessed using cumulative link proportional odds models (POM). 13, 14 For these models ODI scores were aggregated into five equidistant levels as proposed in the literature, 8 SRS22r domains and subtotal score were also aggregated into five equidistant levels (1.0-1.8, 1.9-2.6, 2.7-3.4, 3.5-4.2, 4.3-5.0). SF36 physical component summary (PCS), mental component summary (MCS), and EQ5D index scores were aggregated into 10 equidistant levels. Patients were classified as young (18-44 yr) , middle aged (45-64 yr), and elderly (65þ yr). Effects of each sagittal modifier on the aggregated ODI score were adjusted for age group, aetiology of spinal deformity, and history of spine surgery using three multivariate POMs.
(1) ODI(aggregated) $ Age group þ Aetiology þ History of spine surgery þ PT modifier (2) ODI(aggregated) $ Age group þ Aetiology þ History of spine surgery þ SVA modifier (3) ODI(aggregated) $ Age group þ Aetiology þ History of spine surgery þ PI-LL modifier P values <0.05 were considered statistically significant. When tests were repeated for several HRQOL measures, P values were corrected to adjust for multiple testing using the sequentially rejective Bonferroni method. 15, 16 All statistical tests were performed using R v. 3.1.2.
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RESULTS
Almost 600 adult deformity patients had long standing radiographs taken at our outpatient clinic during the 14-month study period (Figure 1 ). After the excluding of patients, primarily because of missing C7 or hip joints on the radiographs, questionnaires were sent to 460 patients. Three hundred twenty-two patients returned at least one questionnaire corresponding to an overall response rate of 70%. Two hundred ninety-one patients answered SRS22r, 289 answered EQ5D, 286 answered ODI, 272 indicated back and leg pain on VAS, and 252 answered SF36 questionnaires. No reminders were sent to the patients.
Study Population Demographics
The median age was 59 years (range 18-85 yr) and 209 (72%) were women.
One hundred twenty-five (43%) patients were classified as having a degenerative deformity; 82 (28%) adolescent idiopathic scoliosis (AIS) in an adult; 42 (14%) secondary deformity (including 30 post-traumatic, seven postinfection, two postradiation, two myelomas, and one postcyst resection); 14 (5%) congenital deformity (including seven unspecified, three hemivertebrae, two syndromes, one failure of segmentation, and one myelomeningocele); 11 (4%) neuromuscular conditions (including six unspecified, four postpolio and one neurofibromatosis); 8 (3%) Ankylosing spondylitis; 8 (3%) Scheuermann disease, and 2 (1%) had an unidentifiable spinal deformity.
One hundred seventy-seven (60%) patients had no previous deformity surgery and 125 (43%) did not have any previous spine surgery. Thirty-one (38%) of AIS patients and 90 (72%) of degenerative patients had a previous spine surgery. Table 1 summarizes the distribution of radiographic measurements and SRS-Schwab ASD classifications.
Seventy-four (25%) had combined sagittal and coronal deformity according to the SRS-Schwab classification. One hundred twenty-eight (44%) had at least one abnormal sagittal modifier but no major coronal deformity. Forty-seven (16%) had a major coronal deformity but no abnormal sagittal modifiers. Forty-three (15%) had no major coronal deformity or any abnormal sagittal modifiers. Patient age group, aetiology of spinal deformity, and history of spine surgery were all pairwise significantly associated with each other and the distribution of SRSSchwab Curve Type and sagittal modifiers (P < 0.01), except history of surgery and the PI-LL modifier (P ¼ 0.452).
Coronal Curve Type and Variance in HRQOL
After correction for multiple testing no significant variance in HRQOL scores across curve types was observed ( Table 2) .
PT Modifier and Variance in HROQL
Significant trends for worse scores with increasing PT grade were observed for all HRQOL measures, except the two mental scores. Patients with an abnormal modifier scored significant worse than patients with a normal modifier on all HRQOL measures, except VAS for back pain and the two mental measures. These results were consistent when comparing grade þ þ versus 0. Patients with grade þ scored significantly worse than patients with grade 0 on ODI, SRS22r Appearance, SRS22r Subtotal, SF36 PCS, and EQ5D Index scores. None of the HRQOL scores were significantly different between patients with grade þ versus þ þ (Table 3) .
When the effect of one step increase in PT modifier grade on the aggregated ODI score was adjusted for age group, aetiology, and previous spine surgery, the effect remained significant with 40% increase in odds for a worse ODI score with the true population effect between 3% and 89% (P ¼ 0.032).
SVA Modifier and Variance in HROQL
Significant trends for worse scores with increasing SVA grade were observed for all HRQOL measures except the mental scores and VAS for back pain, for whom the proportionality assumptions were not met. Patients with an abnormal modifier scored significantly worse than patients with a normal modifier on all HRQOL measures except the two mental scores. These results were consistent when comparing grade þþ versus 0. Patients with grade þ scored scored significantly worse than patients with grade 0 on all HRQOL measures, except the two mental scores and VAS for back pain. Patients with grade þþ scored worse than patients with grade þ on SRS22r Appearance, and EQ5D index scores (Table 4) . When the effect of one step increase in SVA modifier grade on the aggregated ODI score was adjusted for age group, aetiology, and previous spine surgery, the effect remained significant with 60% increase in odds for a worse ODI score with the true population effect between 13% and 115% (P ¼ 0.007).
PI-LL Modifier and Variance in HROQL
Significant trends for worse scores with increasing PI-LL grade were observed for all HRQOL measures except SF36 MCS. Proportionality assumption was not met for the SRS22r Activity domain. Patients with an abnormal modifier scored significantly worse than patients with a normal modifier on all HRQOL measures. These results were consistent when comparing grade þþ versus 0, although patients with grade þ only scored significantly worse than patients with grade 0 on the SRS22r Appearance domain. Patients with grade þþ scored significantly worse than patients with grade þ on ODI and SF36 PCS scores (Table 5 ). When the effect of one step increase in PI-LL modifier grade on the aggregated ODI score was adjusted for age group, aetiology, and previous spine surgery, the effect remained significant with 70% increase in odds for a worse ODI score with the true population effect between 28% and 118% (P ¼ 0.001).
Age, Aetiology of Deformity, and History of Spine Surgery
Young patients had significantly lower mean ODI scores than middle aged or elderly patients among patients with modifier grades 0 and PT grade þ (P 0.027). Middle-aged and old patients had around fourfold higher odds for a worse aggregated ODI score than the young patients (OR 3. (Figure 2A-C) .
Patients without previous spine surgery had significant lower mean ODI scores than patients with previous spine surgery among patients with PT or PI-LL modifier grades 0 (P 0.02). Patients with previous surgery had almost twice the odds for a worse aggregated ODI score than patients without previous spine surgery (OR 1.9 [95% CI: 1.27-2.99], P < 0.001) ( Figure 3A-C) .
AIS patients had significant lower mean ODI scores than degenerative patients among those with modifier grades 0 (P 0.032) and AIS had threefold lower odds for a worse aggregated ODI score than degenerative deformity patients (OR 0.3 [95% CI: 0.19-0.56], P < 0.001). Patients with ankylosing spondylitis and congenital deformities had tenfold lower odds for a worse aggregated ODI score than degenerative patients (OR 0.1 [95% CI: 0.02-0.34] and OR 0.1 [95% CI: 0.03-0.31] respectively, both P < 0.001). None of the other aetiologies had significant effects compared with degenerative deformity.
The effect of age groups and ankylosing spondylitis or congenital versus degenerative deformity on aggregated ODI scores remained significant when adjusted for each other, history of spine surgery and the sagittal modifiers. A history of spine surgery only remained significant with 60% increased odds in the model with the PI-LL modifier (P ¼ 0.04). Around fourfold higher odds for worse aggregated ODI scores among neuromuscular versus degenerative deformities became significant in the models with PT (P ¼ 0.029) and PI-LL (P ¼ 0.027) modifiers, but not in the SVA modifier model (P ¼ 0.057).
DISCUSSION
The present study confirms that the sagittal modifiers in the SRS-Schwab ASD classification significantly correlate with the widely used HROQL-scores in adult spinal deformity patients, whereas HROQL measures did not differ significantly between coronal curve types. This is in accordance with most clinical studies finding that coronal curve does not have the same negative impact on health-related quality of life as sagittal imbalance. [18] [19] [20] Although sagittal balance has been considered an important measure in ASD evaluation for more than a decade, 18, 19, [21] [22] [23] [24] [25] some authors argue that the correlation between sagittal balance and HRQOL in ASD patients should not lead to a purely ''trigonometric'' approach applied indiscriminately to all ASD patients. 26, 27 Spinopelvic measures are believed to compensate for the sagittal misalignment of the spine and not until these compensating mechanisms are exhausted does the sagittal vertical axis become increasingly positive. [28] [29] [30] [31] [32] [33] [34] [35] [36] These spino-pelvic measures have recently been shown to be of importance for HRQOL 18, 25, 35, 37, 38 and PT, SVA, and PI-LL are considered among the radiographic variables with the strongest correlation to HRQOL. 18, 25 Today, surgeons are urged to account for these parameters in the evaluation and surgical planning for ASD. 18, 33, [38] [39] [40] [41] [42] [43] [44] [45] Cut-off values for the SRS-Schwab classification were determined from linear regression analyses with ODI as outcome, and the corresponding R 2 values showed that in the context of that study these variables individually explained between 14% and 22% of the variability in ODI score. The authors also considered all three parameters in a multivariate regression with a stepwise condition, R 2 was 24% and PT was not included in the final model. 25 These results indicate that even the strongest correlated radiographic parameters put together can only be expected to account for up to 24% of patient reported pain and disability evaluated with ODI.
Our results regarding the PT modifier are consistent with previous reported results and indicate that grades þ and þþ do not discriminate ASD patients significantly according to HRQOL (Table 2) . 6 For the SVA modifier we were only able to show a significant difference between grades þ and þþ with the SRS22r Appearance domain and EQ5D index score. For the PI-LL modifier only ODI and SF36 PCS scores were significantly different for grade þ versus þþ. Thus, a refinement of some or all the cut points between sagittal modifier grades þ and þþ could possibly improve the clinical impact of the SRS-Schwab classification.
For the PI-LL modifier only the SRS22r Appearance domain showed significant difference between grades 0 and þ, but reproducibility of these results needs validation. 6 Age group and aetiology of spinal deformity were individual predictors of worse aggregated ODI scores and in line with these results alignment targets have very recently been suggested for different age groups. 46 One major weakness of the present study is the fact that 197 (23%) questionnaires were not returned. This could most likely have been improved if a written reminder was sent to nonresponders. Also, the classification of deformity aetiology could be discussed, but we found it of relevance as a minimum to separate degenerative deformities from conditions caused by trauma, infection, and congenital disease. This is in accordance with previous findings in patients undergoing lumbar fusion supporting that improvement in HRQOL is affected by diagnostic indication. 47 We realize that the number of patients in some categories was very limited, and in future studies one possibility would be to classify deformities as degenerative and nondegenerative.
The strengths of this study include the prospective design and inclusion of both newly referred and follow-up ASD patients. No radiographic measurements or aetiological criteria had to be satisfied to be included. Thus, the study population resembled the deformity patients from our everyday practice. The non-US cohort enhanced the external validity assessment of the SRS-Schwab Classification system. All radiographic measures were performed by one of two investigators using the same online image analysis software to minimize variability in the measurement technique. One experienced spine surgeon (LV) reviewed all patient records and classified the patients according to aetiology of spinal pathology. Proportional odds regression models were chosen over other regression analyses as advocated by several authors, since HRQOL scores are not believed to be linear correlated with disability. 8, 13, 14, 48, 49 Interpretation for five levels for the ODI score is suggested in the literature, 8 thus we chose the aggregated ODI score as outcome in our multivariate POMs.
In conclusion, the SRS-Schwab classification discriminates HRQOL scores in ASD patients according to the presence of normal or abnormal modifiers except for back pain VAS and mental scores. The effects of each modifier on ODI scores were robust to adjustment for age, aetiology of spinal deformity, and history of previous spine surgery.
Age and aetiology had individual significant effects on HRQOL and should be considered in comparative studies between different patient populations. The distinction between modifier grades þ versus þþ had equivocal clinical impact. In accordance with results from literature the cut-off between PT modifier grades þ and þþ should be refined.
Key Points
The SRS-Schwab ASD Classification grouped patients with normal versus abnormal sagittal modifier classifications according to ODI, SRS22r, SF-36 PCS and EQ-5D scores, and VAS for leg pain. Individual sagittal modifier grade comparisons according to HRQOL showed equivocal results. The PT modifier did not show any significant differences in any HRQOL score between grades þ and þþ. Increasing sagittal modifier grade levels were significantly associated with increased odds for worse ODI scores and the results were robust to confounding. Age group and aetiology of spinal deformity showed significant associations with ODI scores, also after adjustment for SRS-Schwab sagittal modifier grades individually.
